The article of Gurau et al. 1 discusses the multiphase mixture ͑M 2 ͒ model developed by Wang and co-workers [2] [3] [4] [5] [6] over the last 15 years for the modeling of multiphase flow through porous media with liquid-vapor phase change. I would like to offer the following comments.
1. All published works on PEM fuel cell ͑PEMFC͒ simulations, based on either the classical multifluid approach ͑e.g., Ref. 19, 20 , and 22 in Ref. 1 and numerous others available in more recent literature͒ or the M 2 model, use two-phase Darcy's law as the momentum equation for individual phase motion, which can be specifically written as
As long as Eq. 1 is used as the momentum equation, Gurau et al. correctly proved, like numerous other researchers in the past 15 years, that the M 2 model is mathematically exactly equivalent to the classical multifluid model based on Eq. 1. That is to say, there has been neither "misleading" nor "incorrect promotion." The M 2 model has never claimed an equivalency to any models that do not invoke Eq. 1 as the momentum equation. It should also be noted that the mathematical equivalence of the M 2 model to the classical multifluid model based on Darcy's law has been reviewed and used by many electrochemists and mathematicians in works specifically related to fuel cells, e.g., Weber and Newman, 7 Birgersson et al., 8 Mazumder and Cole, 9 You and Liu, 10 and Bridge and Wetton, 11 to name just a few. Apparently Gurau et al. 1 are neither aware of nor understand these prior publications.
2. The two-phase momentum equations presented in Ref. 17 , is written as ṁ k u k for phase k ͑k = gas or liquid phase͒. For the sake of argument, let us assume a steady system such that ṁ k = ٌ ·͑ k u k ͒ from the continuity equation for phase k. Then the new term is nothing but the inertia term, ٌ·͑ k u k ͒u k , which is well known to be negligible as long as the Reynolds number based on pore diameter is less than 10; see numerous textbooks for this discussion. Alternatively, one can estimate the ratio of this new term to the original Darcy's term. That is
where L is a macroscopic length scale such as the GDL thickness, so the last term is the ratio of the pore size to a macroscopic length, which is at least O͑10 −1 ͒ ͑for instance, for a PEMFC GDL, the pore diameter is ϳ20 m and the minimum macroscopic length scale is the GDL thickness equal to ϳ200 m͒. Again, the new term of Gurau et al. is easily shown to be negligible or irrelevant in fuel cell modeling.
4. Other comments provided in Ref. 1 are baseless, and hence no rebuttal can be provided at this time.
In summary, the two-phase Darcy's law is valid as the momentum equation to describe multiphase flow through porous layers of a fuel cell, and M 2 model is mathematically equivalent to the classical multifluid model based on two-phase Darcy's law. The new model suggested by Gurau et al. is fundamentally flawed, and all claims made by Gurau et al. 1, 17 are false and inappropriate.
